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Abstract Various materials are used to fill osteotomy defects
created in the medial opening wedge high tibial osteotomy
(MOWHTO). Our hypothesis was that a bone allograft would
provide the osteotomy site bone healing within the expected
time. We performed the MOWHTO using a cancellous bone
allograft in 310 knees in 284 patients between 2000 and 2005.
Internal fixation was achieved with a T-profile AO plate.
Preoperative and postoperative radiographic measurements
were taken and statistically processed. All patients were
followed up for a period ranging from three to eight years, or
5.9 years on average. Implanted cancellous bone allografts
≤9 mm healed within 12 weeks in 90% of cases. With the
properly selected patient and surgical technique, use of a
cancellous bone allograft in MOWHTO represents a satisfac-
tory choice in providing bone healing.
Introduction
High tibial osteotomy is an effective treatment for medial
compartment osteoarthritis and varus malalignment of the
knee causing pain and functional limitations. Both lateral
closing wedge and medial opening wedge techniques have
been described for these indications and have been shown to
produce satisfactory clinical results [3, 4, 10, 22]. Complica-
tions such as fracture, inadequate correction, patella infera,
compartment syndrome, arthrofibrosis, infection and delayed
union or non-union may complicate both of these methods
[13, 22]. However, because of the problems in the lateral
closing wedge osteotomy related to detachment of the
extensor muscles, fibular osteotomy, peroneal nerve injuries,
disruption of the proximal tibio-fibular joint and shortening
of the limb, medial opening wedge high tibial osteotomy
(MOWHTO) has become increasingly popular in recent
years [1, 6, 13, 19]. Other advantages of the MOWHTO may
include a more precise three-dimensional correction, avoid-
ance of changes in the proximal morphology of the tibia,
enhancement of bone stock and the possibility of correcting
large deformities [16]. The disadvantages of the MOWHTO
are fracture of the proximal tibia lateral aspect and the
development of a potentially unstable construction and
implant failure [14, 18]. These problems can be avoided with
proper selection of the patient, surgical technique and the
implant material or bone graft to be used to fill the osteotomy
defect. Autogenous iliac crest bone graft has been the gold
standard for filling the osteotomy defect, based on its well-
known osteoconductive and osteoinductive potential [15].
The use of a bone allograft provides osteoconductive benefit
only. However, owing to its availability, which requires no
additional surgical access, potential complications associated
with the harvesting procedure of autogenous bone graft are
avoided [3, 7].
The purpose of this study was to report the results
achieved with the use of a cancellous bone allograft in the
MOWHTO without evaluating the clinical outcome of the
procedure. Our hypothesis was such that by using this graft
the tibial osteotomy healing would be achieved within the
expected time of 12 weeks.
Patients and methods
We performed a MOWHTO using a cancellous bone
allograft on 310 knees in 284 patients between 2000 and
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2005. There were 184 women and 100 men involved,
ranging in age from 26 to 67 years, with a mean of
55.6 years (SD 7.4 years). There were 26 patients who
underwent bilateral MOWHTO. The criteria for inclu-
sion in the study were radiological evidence of various
grades of medial compartment osteoarthritis with medial
joint pain and varus malalignment. The criteria for
exclusion were osteoarthritis of the lateral compartment,
associated anterior knee pain, rheumatoid arthritis,
insulin dependent diabetes mellitus, systemic steroid
use, flexion contracture >10° and history of previous
open operation of the knee. Our patients were followed-
up for three to eight years, or 5.9 years on average. The
osteotomy correction angle size ranged from 5° to 18°
with a mean of 8.9° (SD 2.3°). The osteotomy opening
ranged from 4 to 16 mm, with a mean of 8.6 mm (SD
2.0 mm). All operations were performed by a team of
experienced surgeons and under the same conditions,
using the same surgical technique. Knee arthroscopy
was performed in 62 patients, and nine of them were
microfractures.
For their postoperational thromboprophylactic protec-
tion, they were administered low-molecular-weight heparin.
Clinical and radiographic assessment
Clinical examination for identification of painful medial
osteoarthritis, range of motion and stability of the knee,
suspected intra-articular injuries, postoperative scar healing
and local swelling and pain was done.
Preoperatively, malalignment was assessed using the
single leg standing long-leg radiographs. The osteotomy
was planned to make the weight bearing line fall in a
selected position [5, 8]. Postoperative radiographs were
taken after the operation, then subsequently six, 12 and
16 weeks after the surgery and then as required, until the
bone healing was evident. Delayed union was defined as
the lack of the bridging callus and the presence of
radiolucent areas within the opening wedge defect.
Operative technique
The standard operation technique was performed using a
tourniquet and spinal anaesthesia [10]. Care was taken not
to break the lateral cortex during the tibial osteotomy in
order to preserve some degree of stability between bone
fragments [15]. The bone allografts used were parts of
femoral heads stored at −80°C. They were unfrozen prior to
application in a suitable physiological medium for approx-
imately 30 minutes at room temperature. Internal fixation
was done with a T-profile AO plate (Fig. 1). The internal
fixation plate was removed 12 to 18 months after the
operation.
Postoperative rehabilitation
The patients underwent the appropriate rehabilitative
program in order to preserve the force of the knee
muscles and to prevent the development of patella
infera or arthrofibrosis [21]. No postoperative knee
immobilisers were applied. Weight bearing was increased
to 50% after six weeks. Thereafter, weight was succes-
sively added each week. Full weight bearing was
permitted in accordance with radiological findings from
the twelfth week onwards.
Statistical analysis
Statistical analysis of the data obtained was performed
using Statistica for Windows, release 7.1. (Stasoft, Inc.,
Tulsa, OK, USA). The correlation analyses were expressed
by the Pearson correlation coefficient and Fisher Z test. The
analysis of the number of cases in relation to their
respective bone allograft sizes (mm) and healing times
(weeks) was performed using Pearson's χ2 test or t-test for
proportion. All statistical values were considered significant
at the P <0.05 level.
Results
Out of 310 cases followed up, six were excluded from the
statistical processing due to complications which directly
affected normal healing conditions of the osteotomy defect.
We had three cases of tibial lateral cortex fracture, one
Fig. 1 Preoperative and immediate postoperative anteroposterior
radiograph after a medial opening wedge high tibial osteotomy using
a cancellous bone allograft and fixation with AO plate and screws
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infraction of the lateral tibial condyle, one case of early
bone graft absorption and one case of deep infection. There
were no cases of neurovascular injury or arthrofibrosis in
our series.
In the remaining 304 cases, healing occured within
24 weeks. The correlation coefficient determined between
the size of the cancellous bone allograft used and the time
of healing was positive and statistically significant (r=
0.704, P<0.001) (Fig. 2). Likewise, the correlation coeffi-
cient determined between the size of the correction angle
and the time of healing was positive and statistically
significant (r=0.515, P<0.001) (Fig. 3). This means that a
larger bone allograft as well as a wider correction angle will
take statistically longer to heal completely.
Comparing the significance of these two correlation
coefficients, a more significant correlation was found (P=
0.002) between the size of the cancellous bone allograft
used and the time of the osteotomy site healing in relation
to the correlation between the size of the correction angle
and healing time required.
The resulting relationship between particular sizes of
cancellous bone allografts, their number and the
osteotomy site healing time falling within 24 weeks
are given in Table 1. In bone allografts up to 9 mm in
size, the healing time falling within 12 weeks was
statistically significant (all P<0.001). A bone allograft
of 10 mm in size took up to 12–16 weeks for healing (P=
0.519). Healing of bone allografts of more than 10 mm in
size was statistically significant exceeding 12 weeks (all
P<0.001).
Discussion
Many studies have shown that the MOWHTO for uni-
compartmental osteoarthritis and varus malalignment of the
knee produces satisfactory results [3, 4, 10, 13, 22]. The
efficiency of the method is dependent on the preoperative
planning, surgical technique and the implant material or
bone graft used to fill the osteotomy defect.
Our hypothesis was that a cancellous bone allograft
would be a satisfactory graft choice in the MOWHTO and
would provide bone healing within 12 weeks.
So far, there have been various materials used to fill the
MOWHTO osteotomy defects. Autologous iliac crest bone
graft, owing to its osteoconductive and osteoinductive
potential, provides bone healing with low incidence of
delayed union and nonunion in the MOWHTO [15]. Its
advantages, as compared with the use of bone substitute
materials like hydroxyapatite and acrylic bone cement, have
been well described in previous studies [2, 9, 11].
By using the cancellous bone allograft in the
MOWHTO, we intended to take advantage of its osteo-
conductive potential. The quality and safety of the bone
allograft must be guaranteed by the operating principles of
the bone bank. The Clinic for Orthopaedic Surgery Lovran
bone bank operates in compliance with applicable laws of
the Republic of Croatia, which have been brought in
compliance with the legislation of the European Union
[17].
The results of our study using a cancellous bone allograft
in MOWHTO have shown that all of the 304 cases treated
Y=0.857 X+ 5.951; r=0.704, P<0.001*
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Fig. 2 Correlation between
cancellous bone allograft size
and healing time (* indicates
significant correlation)
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have resulted in the osteotomy healing within 24 weeks. As
the correction angle and the basis of the cancellous wedge
allograft became wider, the healing time became longer.
These results were actually expected, bearing in mind the
well-known facts in the domain of bone healing biology.
Similar results have been obtained by Yacobucci et al. [23]
from a series of 50 cases, although such a small data sample
group did not allow for proper statistical comparison
between each osteotomy size.
Significant correlation between the size of a cancellous
wedge allograft and the time required for healing, as
compared with the correlation between the size of the
correction angle and the time of healing, may be explained
in geometrical terms. It is a well-known fact that the width
of an angle increases proportionally with the distance from
its point. Thus, the size of a cancellous wedge allograft
being tamped into the osteotomy site at the level of the
tibial medial edge will vary in size at the same angle of
correction yet different width of the tibial bone. Allograft
size therefore appears to be a more precise prognostic factor
in the assessment of the osteotomy site expected time of
healing.
The results obtained through the follow-up of correla-
tions between different sizes of cancellous bone allografts
and healing times have demonstrated that healing of
allografts reaching up to 9 mm was achieved in 200
(90%) out of 221 cases within 12 weeks. A 10-mm bone
allograft proved to be the marginal size. Its use in 51 cases
resulted in healing in 24 (47%) cases within 12 weeks and
in 27 (53%) cases within 16 weeks. In 32 cases with bone
allograft ranging from 11 to 16 mm, healing took from 16
to 24 weeks, apart from two cases. Healing time exceeding
that which was expected in the use of bone allograft of
10 mm and more was probably attributable to the absence
of osteoinductive activity, which is considered to be its
major disadvantage. The presented results may be com-
pared with previously known results about the use of
autologous bone graft in MOWHTO [12, 20]. Thus, the
prospective study performed by Noyes et al. [15] using
autologous iliac crest bone graft in 55 patients subject to
MOWHTO resulted in 52 (95%) defect healings within
Y= 0.533X + 8.538; r= 0.515, P<0.001*
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Fig. 3 Correlation between
osteotomy correction angle size
and healing time (* indicates
significant correlation)
Table 1 Number of cases in relation to cancellous bone allograft sizes
(mm) and healing time (weeks)
Cancellous bone
allograft size (mm)
Healing time
(weeks)
Total number
of cases
Statistical
P value
12 16 20 24
4 3 3
5 7 7
6 25 25
7 57 1 58 <0.001
8 60 3 63 <0.001
9 48 16 1 65 <0.001
10 24 27 51 0.519
11 2 8 2 12 <0.001
12 5 2 7 <0.001
13 1 2 3
14 2 2
15 4 1 5
16 2 1 3
Total 226 60 15 3 304
Values given as number of cases
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12 weeks. In three (5%) cases which took more than
12 weeks to heal, the size of the opening wedge osteotomy
ranged between 11 and 16 mm.
Conclusion
The use of a cancellous bone allograft of up to 9 mm in size
in the MOWHTO generally results in the osteotomy site
healing within 12 weeks. These results support this
approach as compared with the use of autologous bone
graft, in view of the shorter surgical time and avoidance of
an additional surgical incision.
In cases requiring the use of a cancellous bone allograft
of 10 mm or more in size, the expected healing takes more
than 12 weeks. In such cases, we would favour autologous
bone graft because of its additional osteoinductive poten-
tial. This viewpoint certainly requires further comparative
clinical study using autologous and allogenous bone grafts
in MOWHTO requiring larger degrees of correction.
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